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Low SES is associated with tobacco use among adolescents in the United States.
Few studies have looked at the associations between SES and initiation of e-cigarette use
by adolescents. This study aims to clarify the associations among SES, e-cigarette use
uptake and potential mediating factors in a national sample of adolescents.
The study population includes adolescents aged 12-17 years who participated in
the Population Assessment of Tobacco and Health (PATH) study from 2013-2016.
Logistic regression and mediation model analysis were used to analyze the data. The
study found that older adolescents (ages 14-16) had consistently higher odds of ever ecigarette use compared to 13 year olds. Adolescents who reported having ever used
alcohol, marijuana, abused prescription drugs or had prior tobacco use were more likely
to initiate e-cigarettes than those who had not used these products. High income was
associated with higher odds of e-cigarette initiation than middle income. Parental tobacco
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use and advertising exposure have a mediating effect on the association between SES
(income) and initiation of e-cigarette use among adolescents. Findings support the need
for stronger regulations to reduce advertising and marketing to adolescents. Interventions
aimed at high income adolescents would be beneficial.
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CHAPTER I
INTRODUCTION

Background
Tobacco use continues to be the leading cause of preventable disease, disability,
and death in the United States (Singh et al., 2016). Each day, more than 3,800 youth
under the age of 18 illegally smoke their first cigarette and approximately 80% of adults
initiate smoking by age 18 (CDC, 2018; US DHHS, 2012). The National Youth Tobacco
Survey 2011-2018 indicated that 4.04 million high school students and 840,000 middle
school students in the U.S. reported current use of a tobacco product (MMWR, 2019).
During this same time period, there were significant increases in adolescent’s use of ecigarettes and overall tobacco product use. The survey also indicated that since 2014, ecigarettes have been the most popular tobacco product used by adolescents. There is
further evidence that e-cigarettes increase the risk of non-tobacco users starting to smoke
traditional cigarettes. The Surgeon General Reports in recent years (2012-2018) have
concluded that any form of tobacco use is not safe for adolescents regardless of how
often they use the products.
Susceptibility
Adolescents’ susceptibility to cigarette smoking is influenced by marketing,
exposure to smoking in movies and family or friend smoking (Trinidad et al., 2017).
Their susceptibility to cigarettes is generally measured using the Pierce susceptibility
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scale (Pierce et al., 1995). A few studies have modified this scale to measure
susceptibility of adolescents to e-cigarette and other tobacco products (Bold et al, 2018).
Trinidad et al., 2017 assessed susceptibility to use multiple tobacco products in a
national sample of youth and young adults in the U.S. The study found that youth
susceptibility to tobacco use was higher with age (At 12 years old, 36% were susceptible
to use compared to 70% susceptibility at age 17) and parental education (college
graduates versus less than high school education). Susceptibility levels were similar for
cigarettes and e-cigarettes. Also Black and Hispanic youth who never used tobacco were
more likely to be at risk for using a tobacco product in the future compared to whites.
Moreover, Bold et al.(2018) found that e-cigarette susceptibility among youth predicted
future initiation of e-cigarettes. The study found that susceptible youth were more likely
to be male, older adolescents, and already using alcohol, marijuana or other tobacco
products.
Poly Tobacco Use
Data from the 2018 National Youth Tobacco Survey also showed that adolescents
are using multiple tobacco products at the same time. This is referred to as dual and polyuse. Dual use involves using two tobacco products while poly use is the use of two or
more tobacco products. According to the survey, middle and high school students used ecigarettes more often than any other tobacco products in combination with other tobacco
products (MMWR, 2019). In 2018, more than 270,000 middle school and 1.68 high
school students were using 2 or more tobacco products. The use of nicotine in ecigarettes is concerning as nicotine is highly addictive (US DHHS, 2016). Thus, the use
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of multiple tobacco products may increase signs of nicotine addiction compared to using
a single tobacco product (MMWR, 2019).
Need for the Study
The association between SES and e-cigarette use is not as well understood when
compared to cigarette use. Several studies show that low SES is associated with a higher
prevalence of cigarette smoking (Henkel & Zemlin, 2016; Linetzky et al., 2012; Wellman
et al., 2018). In a study of Canadian adolescents who were followed from 5 th to 7th grade,
researchers found that youth from low SES neighborhoods whose mothers did not have a
college education had three times the risk of taking up smoking compared to those
adolescents from high SES neighborhoods (Wellman et al., 2018). A study of 6 th grade
students in New Mexico found that tobacco use and second-hand smoke exposure are
strongly associated with adolescents living in low SES, non-intact households that have
parents who smoke (Bird et al., 2007). A systematic review examined factors influencing
smoking initiation among Asian adolescents 10-19 years old and found that adolescents
who were more likely to start smoking were male, older adolescents, low parental SES,
low parental monitoring, low parental education level and having no discussion about
smoking at home, those living in temporary or public housing and those displaying a
health risk behavior such as drinking alcohol (Talip, Murang, Kifli, & Naing, 2016).
While there are few studies on SES and e-cigarette use, the results have been
inconsistent (Berry et al., 2018; Simon et al, 2018). For example, one study found an
association between low SES and 30 day e-cigarette use among adolescents (Simon et al.,
2017); however, another did not identify any association between SES and past 30 day e-
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cigarette use (Barrington-Trimis et al., 2015). These studies suggested that more research
is needed to understand the association between SES and adolescent e-cigarette use.
Problem Statement
Tobacco use in adolescents is concerning due to the effect of nicotine on the
developing brain and likelihood of life-long addiction to tobacco products (US DHHS,
2016). In addition, long-term tobacco use could lead to serious health problems (e.g.
heart disease, cancer, and stroke) in adulthood (US DHHS, 2016). It is projected that if
current smoking rates continue, 5.6 million adolescents living today will die prematurely
from smoking related illnesses (Singh et al., 2016). E-cigarette use is associated with
cigarette smoking and use of other tobacco products among adolescents (Leventhal et al,
2015; Wills et al, 2017). Since adolescent e-cigarette use could lead to cigarette smoking,
it is expected that we will continue to face this public health problem in the future.
The increase in e-cigarette and other tobacco use among 12-17 year olds in the
U.S. is a major public health concern. Our research focuses on e-cigarettes because they
are the #1 tobacco product used by youth. A better understanding of the socioeconomic
characteristics of adolescent e-cigarette users is needed in order to design targeted
programs (tailored by SES) and to develop policies that 1) prevent adolescents from
starting e-cigarette use; 2) support youth in stopping use; and 3) help to reduce use.
Potential reasons for the increase in e-cigarette use among adolescents is
advertising and marketing by the tobacco companies (Simon et al., 2018; US DHHS,
2016); lack of regulation of the product and companies that sell them (US DHHS, 2016);
reduced risk perceptions of the product (Huang et al., 2016; US DHHS, 2016; Wills et al.,

5

2017; Barrington-Timis et al., 2015) and susceptible youth (Bold et al., 2018; Trinidad et
al., 2017). Research provides evidence that increased e-cigarette use among adolescents
is associated with SES and leads to use of other tobacco products and substances such as
alcohol, marijuana and cocaine (Riggs and Pentz, 2016; Goodman and Huang, 2002) as
well as the onset of cigarette smoking (Wills et al, 2017; Primack et al, 2015; Leventhal
et al, 2015: Trinidad et al, 2017; Anand et al, 2015). A constellation of variables may
increase initiation and use of e-cigarettes among youth, hence a better understanding of
the association between SES and e-cigarette use will allow for targeting prevention
messages to the most vulnerable subset of youth.
Research Hypotheses
Study Aim:
Examine how SES is associated with the use of e-cigarettes in 12-17 year old
adolescents in the United States.
Research Questions:
1) What is the unadjusted and adjusted association between SES and e-cigarette use
among adolescents?
2) Is the relationship between SES and e-cigarette use mediated by exposure to ecigarette advertising and exposure to tobacco product use via parents?
Population
The study population includes youth ages 12-17 and their parents who completed
a Youth/Parent interview questionnaire. The data used in this study is from The
Population Assessment of Tobacco and Health (PATH) Study which is a national
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longitudinal cohort study of tobacco use behavior, attitudes and beliefs, and tobaccorelated health outcomes among approximately 46,000 un-incarcerated adults and youth
(9-17 years old) in the United States. The PATH Study is a research project conducted by
the National Institutes of Health and the Food and Drug Administration. The data from
the PATH Study was collected and prepared by Westat. Data files for Wave 1 (Baseline),
Wave 2 and Wave 3 of the PATH Study are available for public use. This research study
will analyze data from Waves 1, 2 and 3 in order to assess patterns of e-cigarette, use
among low and higher SES adolescents.

CHAPTER II
REVIEW OF THE LITERATURE
There have been numerous research studies conducted to examine the associations
between socioeconomic status (SES) and adolescent substance use including cigarette
smoking, e-cigarettes, cigars, cigarillos, hookah, smokeless tobacco and marijuana. The
role of SES and tobacco related health disparities are clearly documented for adults, but
the literature is not as consistent when it comes to adolescents except for cigarette
smoking. The use of emerging or alternative tobacco products such as e-cigarettes has
been studied more in recent years (since 2011) as there is a growing concern about the
public health effects and addictive nature of these tobacco products particularly among
adolescents. The literature review will discuss the results of these studies in response to
the research questions: What is the unadjusted and adjusted association between SES and
e-cigarette use among adolescents? Is the relationship between SES and e-cigarette use
mediated by exposure to e-cigarette advertising and exposure to tobacco product use via
parents? This review will highlight what we currently know and do not know about the
differential relationships between SES and adolescent e-cigarette use.
Methods
The literature review included OVID Medline and PubMed searches using the
keywords SES, Adolescents, E-cigarettes, Tobacco, Substance Use, Other Tobacco
Products, Marijuana, Dual Use, Poly Use. The relevant articles found in the search were
published from 2001 - 2018. The major themes found in the literature were 1) SES and
Adolescent Smoking, E-Cigarette and Substance Use, 2) Association Between Cigarette
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Smoking, E-Cigarettes and Other Tobacco Products, 3) SES and Poly-tobacco Use, 4)
Measuring SES in Health Research, 5) Indicators of SES for Adolescents. In addition to
identifying peer reviewed journal articles, the writer also reviewed governmental
publications from the U.S. Department of Health and Human Services, and the Centers
for Disease Control and Prevention such as Reports of the Surgeon General as well as
Morbidity and Mortality Weekly Report (MMWR). The Office of the Surgeon General
has recently published two reports on this topic that were reviewed: Preventing Tobacco
Use Among Youth and Young Adults (2012) and E-Cigarette Use Among Youth and
Young Adults (2016). These reports document tobacco use prevalence, patterns of use and
current trends primarily from the National Youth Tobacco Survey (NYTS) as well as
implications for policy and practice. Articles also included reviews of researchers who
have published multiple articles on the topic. For example, Elizabeth Goodman and Edith
Chen have authored several articles on socioeconomic status and adolescent health using
Subjective Socioeconomic Status as an SES measure. Similarly, Adam Leventhal has
also written at length about e-cigarettes and poly-tobacco use among adolescents.
Researchers primarily used data from large global, national or state surveys to
examine associations regarding SES, tobacco, marijuana use and other substances. They
were longitudinal cohort studies which followed adolescents over time with data being
collected through self-reported school-based and household surveys. This study will
contribute to the research by providing additional information beyond what we already
know about the association between SES and uptake of e-cigarettes by adolescents.
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Tobacco Usage
Tobacco use is a major public health concern given that most adult smokers
started smoking when they were adolescents (US DHHS, 2012). Approximately 4.8
million middle and high school students in the U.S. were a current user of a tobacco
product in 2018. Of the high school students currently using tobacco products, 32.4%
were white, 22% were Hispanic and 17% were Black. Males in high school had higher
use of any tobacco, poly-tobacco use, e-cigarettes, cigars, smokeless tobacco and pipe
tobacco compared to females (Singh et al., 2016; MMWR, 2019). Also, e-cigarettes were
the most commonly used tobacco product by both middle and high school students
smoking among high school students was higher among whites than blacks (Singh et al.,
2016). Among middle school students, males had higher use of any tobacco product,
smokeless tobacco and poly tobacco use than females (MMWR, 2019). Hispanic middle
school students reported higher use of any tobacco product and e-cigarette use compared
to other racial/ethnic groups (Singh et al., 2016; MMWR, 2019).
The relationship between SES and tobacco use has been studied extensively in
adult populations indicating a higher smoking prevalence among lower SES groups
compared with higher SES groups (Linetzky et al., 2012). The association between low
SES and cigarette smoking among youth and adults is well known (Simon et al., 2017).
Low SES in the United States and other western countries is associated with adolescent
tobacco use (Doku, Koivusilta, Raisamo, & Rimpela, 2010). Further, research indicates
that this association (low SES and tobacco use) among adolescents is similar in both
Western and developing countries (Doku, Koivusilta, Raisamo, & Rimpela, 2010). In
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contrast, a study investigating the socioeconomic differences in patterns and trends of
tobacco consumption over time among youth in India suggested that the relationship
between SES and tobacco use over time was not consistent (Mathur et al., 2014). At
baseline (2004), lower SES was associated with higher prevalence of tobacco use, but the
relationship between SES and tobacco use reversed 2 years later (Mathur et al., 2014). A
school based survey of 13-18 year olds in Ghana found that low SES was related to
smoking and smokeless tobacco use.
Cigarette Smoking Among Youth
Several studies show that low SES is associated with a higher prevalence of
cigarette smoking among youth (Henkel & Zemlin, 2016; Linetzky et al., 2012; Wellman
et al., 2018). In a study of Canadian adolescents who were followed from 5 th to 7th grade,
the estimated association of most risk factors, such as living with a smoker, exposure to
tobacco advertising for cigarette smoking initiation was similar across SES (Wellman et
al., 2018). Youth from low SES neighborhoods whose mothers did not have a college
education had three times the risk of taking up smoking compared to those adolescents
from high SES neighborhoods (Wellman et al., 2018).
Low SES among youth is also associated with greater exposure to cigarette
advertising and to being cigarette users (Simon et al., 2018). Low SES is also linked to
increased youth tobacco use, increased likelihood that youth will continue persistent
cigarette smoking as adults and will have more difficulty when trying to quit. A study of
six grade students in New Mexico found that tobacco use and second hand smoke
exposure are strongly associated with adolescents living in low SES, non-intact
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households that have parents who smoke (Bird et al., 2007). A systematic review
examined factors influencing smoking initiation among Asian adolescents 10-19 years
old and found that adolescents who were more likely to start smoking were male, older
adolescents, low parental SES, low parental monitoring, low parental education level and
having no discussion about smoking at home, those living in temporary or public housing
and those displaying a health risk behavior such as drinking alcohol (Talip, Murang,
Kifli, & Naing, 2016). Further, the chances of adolescents starting to smoke cigarettes
increases when they are around smokers, feel pressured to smoke by their peers, are
exposed to tobacco advertisements, receive pocket money, lack knowledge about the
consequences of smoking, have poor school performance, have a conflict within the
family and have mental health problems (Talip, Murang, Kifli, & Naing, 2016).
Other Tobacco Product Use
Tobacco prevention and control research indicates that smoking may be
associated with the initiation and current use of other tobacco products and vise versa
(US DHHS, 2014). A study of hookah (water pipe tobacco) and snus (a smokeless
tobacco product that looks like a small tea bag) suggests that prior hookah smoking and
snus use among adolescents who have never smoked were also risk factors for
subsequent cigarette smoking (Soneji, Sargent, Tanski, & Primack, 2015). Hookah
smoking and the use of snus independently predicted the onset of cigarette smoking and
current cigarette smoking at Year 2 follow-up (Soneji, Sargent, Tanski, & Primack,
2015).
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Poly-Tobacco Use
Dual and Poly-tobacco use is common among adolescents (Huh and Leventhal,
2016). Dual use refers to use of two tobacco products. Poly use is using two or more
tobacco products. Easy access and widespread availability of tobacco products has led to
an increase in adolescent poly-tobacco use. Further, we know that nicotine which is
found in most tobacco products s highly addictive. The MMWR (2018) concludes that
signs of nicotine addiction are increased in adolescents who use multiple tobacco
products compared to those who use one tobacco product. Researchers examined polytobacco use among adolescents, finding that low SES, relative to high SES, was
associated with a greater likelihood of being a poly-tobacco user (Simon et al., 2017).
Thus, lower SES youth were more likely to have tried two or more tobacco products and
to be a current poly-tobacco user. In this study, lower SES was associated with high
prevalence for e-cigarettes, blunts, cigarettes, cigars and smokeless tobacco (Simon et al.,
2017). Also, the 2018 Youth Tobacco Survey showed that 1.68 million high school
students and 270, 000 middle school students used two or more tobacco products. The
survey also found that male high school students had a higher prevalence of being a poly
tobacco user than female high school students.
Role of Advertising and Marketing
The tobacco industry spends billions of dollars annually to sell its products (CDC,
2018). While the Master Tobacco Settlement (1998) between states and the major
tobacco companies significantly changed how tobacco products could be marketed in the
U.S., adolescents are still being exposed to tobacco advertisements through various
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channels including social media and music videos (Knutzen, Moran & Soneji, 2018)
which has impacted the use of these products. Historically, tobacco and alcohol industries
have targeted low income, minority communities to sell tobacco as well as alcohol using
branded products such as Newports (menthol cigarettes) and malt liquors. In addition,
tobacco companies have traditionally supported cultural events including music festivals
in minority communities (Knutzen, Moran & Soneji, 2018).
In a recent study of the use of cigarettes, e-cigarettes and marijuana in hip-hop
music (rhythm & blues/rap) videos, researchers found that use of these products by
celebrities in 796 hip-hop music videos increased from 2013-2017 (Knutzen, Moran &
Soneji., 2018). A familiar example of this is the artist Snoop Dogg who raps about
smoking marijuana and drinking alcohol in his popular song Gin and Juice. The lyrics
say “Rollin down the street, smoking indo, sipping on gin and juice.” These acts are also
portrayed in the video. While this song was released in 1994, it is one of many famous
songs that rappers have recorded over the years that include substance use (Ketchum,
2017). The popularity of hip hop music whose listeners cross all ages and SES groups
and use of these substances in music videos raises concern about how this type of
marketing influences uptake of cigarette smoking, e-cigarette and marijuana use
(Knutzen, Moran and Soneji, 2018). Exposure to advertising and marketing of tobacco
products can have a significant influence on youth behavior. Simon et al (2018) found
that among high school students in Connecticut, higher SES youth were exposed to
greater e-cigarette advertising and subsequently initiated and used e-cigarettes.
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E-cigarette Use
What is it?
An e-cigarette is a battery powered heated element that produces an aerosol when
a liquid (e.g. nicotine) is heated. E-cigarettes are known by several different names. They
are sometimes referred to as “e-cigs,” “e-hookahs,” “mods,” “vape pens,” “vapes,” “tank
systems” and “electronic nicotine delivery systems or ENDS)” (US DHHS, 2016). Some
e-cigarettes look like regular cigarettes, cigars, or pipes while others are similar to objects
we use each day like pens and USB sticks (e.g. JUUL). These devices contain high levels
of nicotine (similar to the amount in a pack of cigarettes) and come in a variety of flavors.
The device can be used without anyone knowing that they are using an e-cigarette. It has
been reported in the media that adolescents are using JUUL devices unnoticed while they
are in school (MMWR 2019).
Figure 1. Examples of E-cigarette Devices

Photo from National Institute for Drug Abuse, Drug Facts: Electronic Cigarettes
https://www.drugabuse.gov/publications/drugfacts/electronic-cigarettes-e-cigarettes
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Growing Problem
Data from the National Youth Tobacco Survey show that e-cigarette use has
increased significantly among adolescents in the U.S. from 2011-2018 (MMWR, 2019).
According to the CDC, youth in the U.S. are more likely to use e-cigarettes than adults.
They are also the most commonly used tobacco product among youth, particularly with
white and Hispanic youth (Singh et al, 2016, MMWR, 2019). In 2014-2015, e-cigarette
use among middle school youth increased from 3.9% to 5.3%. From 2011-2015, there
were significant increases in the use of e-cigarettes (1.5% to16%) and hookah (4.1% to
7.2%) among middle and high school students (Singh et al., 2016). In 2015, 3 million
students used e-cigarettes – 5.3% of middle school students and 16% of high school
students. Despite minimum age purchase laws (youth typically have to be 18 years or
older to buy tobacco products) in the U.S. and other countries, youth have easy access to
tobacco products including e-cigarettes and e-liquids (Kinnunen et al., 2013).
Leads to Other Addictions
Adolescents who use e-cigarettes are more likely to start smoking cigarettes
(Wills et al, 2017; Primack et al, 2015; Leventhal et al, 2015; Barrington-Trimis et al.,
2016; Barrington-Trimis et al., 2018). A cross sectional view of a longitudinal school
based survey of high school students in Hawaii found that at Time 1 (T1), the initiation of
e-cigarette use among adolescents who had never used them was predicted by age, White
or Native Hawaiian ethnicity, lower parental education and parental support, higher
rebelliousness, and perception of e-cigarettes as healthier than cigarettes. Among smokers
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at T1, using e-cigarettes was not related to significant change in their frequency of
smoking at T2 (Wills et al., 2017).
Leventhal et al. (2016) found that e-cigarette use was associated with a higher risk
of more frequent smoking and patterns of heavier smoking six months later. Another
study also found that adolescents (in California) who had ever used e-cigarettes at
baseline were more likely to begin using combustible tobacco products (cigarettes, cigars
and hookah) over the next year than nonusers (Leventhal et al., 2015). E-cigarettes were
also found to be linked to marijuana use particularly with younger adolescents, ages 1214 (Dai et al., 2018).
E-Cigarette Devices Used with Other Substances
E-cigarette use is associated with the use of other tobacco products, alcohol and
marijuana (US DHHS, 2016). E-cigarettes may facilitate substance use among
adolescents because they may be used as a delivery system for cannabis (marijuana) and
other illegal drugs (US DHHS, 2016). The design of this product uses an e-liquid
containing nicotine by turning it into a vapor that is inhaled by the user (US DHHS,
2016). The use of cannabis in a vaporized liquid form in an e-cigarette device has been
shown to have levels of tetrahydrocannabinol (THC) equivalent to smoking a marijuana
cigarette (US DHHS, 2016). The data on the prevalence of THC liquid use in e-cigarette
devices is limited, but one study with high school students in Connecticut found that this
practice (use of THC liquids in e-cig devices) was frequent among students who were ecigarette, marijuana and dual users (US DHHS, 2016). Adolescent use of liquid THC in
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e-cigarette devices is concerning and could lead to addiction to other substances in
addition to nicotine.
E-cigarette Use as a Safe Alternative
Several studies have shown that many adults and adolescents do not think that ecigarette use or vaping is as harmful as smoking regular cigarettes (Huang et al., 2016;
US DHHS, 2016; Wills et al., 2017; Barrington-Timis et al., 2015). Thus, e-cigarettes
have been heavily marketed as an aid to help smokers quit (Huang et al., 2016;
Kinnunen et al., 2015). They are also promoted as a healthier alternative to cigarette
smoking and may be used in public places where cigarette smoking is either restricted or
prohibited (Huang et al., 2016). Using e-cigarettes as a means to quit smoking is not the
primary reason that youth try this product. Studies cite curiosity about the device,
tasteful flavors, peer pressure and the belief that e-cigarettes are not as harmful as
regular cigarettes among the main reasons why youth use e-cigarettes (Huang et al.,
2016; US DHHS, 2016). The MMWR (2019) notes that the increases in adolescent ecigarette use correspond to the increase in sales of one particular e-cigarette product
called JUUL which went on the market in 2015.

Socioeconomic Status

SES Defined
The American Psychological Association (2018) describes socioeconomic status
as “the social standing or class of an individual or group” (“Socioeconomic Status,”
2018). SES is commonly measured in adults by education, income and occupation. SES
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has been examined in health research to determine its effects on physical and mental
health outcomes in adolescents (Chen and Paterson, 2006; Svedberg, Nygren, StalandNyman & Nyholm, 2016). The links between SES and health have been well established
in the research (Oakes and Rossi, 2003).
Link to Health and Health Disparities
The literature has extensively explored since the mid 1990’s the relationship
between SES and health outcomes, and determined that SES clearly has an effect on
physical health outcomes (Chen & Paterson, 2006). Studies have also shown that adults
and youth with lower SES are more likely to experience poorer health outcomes (Chen &
Paterson, 2006; Svedberg, Nygren, Staland-Nyman, & Nyholm, 2016). In light of the
association between lower SES and health, researchers have called for identifying the
different types of SES indicators as a means to better understand the relationship between
the two (Kuntz & Lampert, 2016) . Chen and Patterson (2006) suggest that because SES
is multifaceted, the indicators selected could affect how SES impacts health status.
SES Indicators
SES can be measured at several levels such as the characteristics of the individual,
family or neighborhood (Chen & Paterson, 2006). Each level represents a number of
pathways that could be linked to both SES and health. Individual Level SES is typically
measured (objectively) by the individual’s education, income or occupation; however
subjective measures of SES meaning the individual’s perception of social status may be
more important than objective measures (Chen & Paterson, 2006). Next, Family level
SES measures include total family or household income, investments and material
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resources/assets. Finally, Neighborhood level SES is a measure of the group of people
living within a neighborhood. Some indicators of neighborhood SES are the percentage
of adults with less than a high school education, the percentage of families that were
unemployed and median family income of the neighborhood (Chen & Paterson, 2006).
The pathways in which SES can affect health vary based on the stressors
encountered at each level. Neighborhood stressors that may affect physical health include
exposure to violence (Chen & Paterson, 2006); social networks and social capital – level
of trust and norms of cooperation and behavior (Chen & Paterson, 2006); available
resources in the neighborhood such as access to healthcare facilities, hospitals and local
grocery stores as well as the physical condition of the neighborhood. Family stressors that
are tied to SES and health include individual conflicts within the family, lack of parenting
and family support (Chen & Paterson, 2006).
Measuring SES among Adolescents
SES is an important factor to the physical, mental and social development of
adolescents; however SES in this population varies between age and sex (Svedberg,
Nygren, Staland-Nyman, & Nyholm, 2016). Some research has challenged the need to
assess SES among adolescents differently from adults (Svedberg, Nygren, StalandNyman, & Nyholm, 2016). Typically studies assessing SES among adolescents use
Parent Education, Occupation or Parent/Household Income as a proxy for SES (E.
Goodman, Huang, B., 2002; Trinidad et al., 2017; Wills et al., 2017; Kuipers,
Monshouwer, van Laar, & Kunst, 2015; Svedberg, Nygren, Staland-Nyman, & Nyholm,
2016). Parental education is the most commonly used SES indicator showing a strong
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relationship with youth smoking (Perelman et al., 2017). Other studies have also used the
following as SES indicators for youth: (1) youth personal income (Perelman et al, 2017);
(2) Family Affluence Scale (FAS) (Simon et al, 2018; Perelman et al, 2017) (Richter &
Leppin, 2007); (3) Subjective Social Status (SSS) (Perelman et al, 2017; Goodman et al,
2001); (4) neighborhood or (5) school characteristics (Kinnunen et al., 2015; Linetzky,
Mejia, Ferrante, De Maio, & Diez Roux, 2012; Chen & Patterson, 2006).
Personal Income
One might expect that adolescents from more affluent backgrounds would have
higher personal incomes, but studies have shown the opposite to be true. That is, youth
from single parent households and lower socioeconomic areas may have higher personal
income (Perelman et al., 2017). A European study assessing the association of personal
income and smoking behavior of adolescents suggests that this association may indicate
the influence of the adolescents’ family’s SES (e.g. parental occupation, occupation,
income) instead of their own monetary resources (Perelman et al., 2017). This particular
study used three variables to measure SES: paternal and maternal education level,
Family Affluence Scale and Subjective Social Status. Researchers also assessed if
adolescents were cigarette buyers (e.g. purchased it themselves in a store, vending
machine or had someone else to buy them) or non-buyers. Non-buyers typically got their
cigarettes from social sources such as family or friends. In another study, personal
income was significantly connected with adolescent susceptibility to cigarette smoking
(McIntire, Nelson, Macy, Seo, & Kolbe, 2015).
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Family Affluence Scale (FAS)
Family Affluence Scale (FAS) is considered to be a valid and reliable measure of
SES among adolescents (Simon et al., 2018). Perelman et al. (2017) define FAS as the
“material wealth of the family” using a range of 0 being the lowest to 7 which is the
highest. Simon et al. (2018) examined four questions and then created a summary score
for the responses with the higher scores indicating higher SES. The four items on this
school based survey were: 1) whether an adolescent’s family owns a car, van or truck; 2)
whether the adolescent has his/her own bedroom; 3) the number of laptops/computers an
adolescent’s family owns; and 4) whether an adolescent’s family had taken a vacation in
the past 12 months. The results of this study did not show a direct effect of SES on ecigarette use, but it did indicate that high SES youth have greater exposure to e-cigarette
advertising (a mediating factor) more than low SES youth which in turn was associated
with a higher frequency of e-cigarette use.
Subjective Social Status (SSS)
The MacArthur Scale of Subjective Social Status (SSS) uses a broader concept of
subjective perceptions of social status that can be used along with traditional SES
measures. Goodman et al (2001) adapted the MacArthur Scale (for adults) to be a youth
specific indicator of subjective social status. Similar to the adult version, the instrument
uses two ladders to first identify where the family’s position is on the social ladder in the
United States whereas the second ladder assesses where the adolescent would place
him/herself in the school community (Figure 1). Perelman et al (2017) also used SSS
(along with FAS) in their research study assessing the association between personal
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income and adolescent smoking in six European cities. The results of this research show
that the MacArthur Scale of Subjective Social Status is a reliable instrument for
measuring SSS. It further showed that both the adolescent’s perceptions of family in
society and personal placement in the school community correlate with health indicators
independent of the effect of traditional SES measures. In this study, SSS measures the
adolescent’s perception of his/her family’s social status using a 10 category scale based
on the following question: Imagine that this ladder depicts how country society is made
up. Adolescents are then asked to fill in the circle that best represents where his/her
family would be on the ladder.
SES Measures in the PATH Study
The Population Assessment of Tobacco and Health (PATH) Study is a
longitudinal cohort study of 45,971 adults and youth in the United States who were asked
to complete an interview at each follow-up. The Youth Interview and Parent Interview
Questionnaires contained specific variables to assess SES. The parent surveys from
contained the following SES related variables in the Parent Questionnaire: 1) Parents
highest grade or year of school completed; 2) Total household income in the past 12
months; and 3) Rent or own home. The Youth Questionnaire asked similar questions
depending upon whether the youth respondent was emancipated or not. Youth questions
also asked about total household income and rent/own home in addition to if the youth
worked for pay outside of the home in the past 30 days and how much money the youth
received from a job, family, allowance or other sources in an average week. PATH data
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will be used for this study. More details about the study population and SES measures
will be described in Chapter 3-Methodology.
Research Gaps
The literature clearly documents public health problems associated with
adolescent tobacco use particularly nicotine addiction and its negative effects on the
developing brain. In addition, the long term use of tobacco products can lead to high
mortality and morbidity. Factors that influence adolescent smoking include friends and
family members smoking as well as exposure to advertising. Advertising exposure was
associated with greater e-cigarette use (Simon et al., 2018). Also, the significant increase
in e-cigarette and other tobacco use among 12-17 year olds in the U.S. is disturbing
(MMWR, 2019). Low SES is associated with cigarette and other tobacco use among
American adolescents; however, the association between SES and e-cigarette use is not
as well understood. Additional research is needed to further explain the association
between SES and adolescent e-cigarette use.
While there are few studies on SES and e-cigarette use, the results have been
inconsistent. For example, one study found an association between low SES and 30 day
e-cigarette use among adolescents and another that did not identify any association
between SES and e-cigarette use (Simon et al., 2018).
In another study of high school students in California, researchers reported that
psychosocial factors (e.g. use of tobacco products at home, friends smoke or use ecigarettes and positive attitudes toward e-cigarettes and cigarettes) and perceptions about
the harmfulness of e-cigarettes were associated with both e-cigarette and cigarette use but
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no significant association was found for SES and use of these tobacco products
(Barrington-Trimis et al., 2015). The SES indicators included in this study were family
income and highest parent education. Thus, there is a need to examine further how
adolescent e-cigarette use differs based on SES. The literature calls for further study to
answer the research question regarding the unadjusted and adjusted association between
SES and adolescent e-cigarette use.
Conclusion
This literature review has offered some understanding of the complexity of SES
differences in association with youth cigarette smoking and use of other tobacco
products. This association between SES and e-cigarette use is not as well understood
when compared to other tobacco products. It is also established that e-cigarette use is
associated with adolescent uptake of cigarette smoking. While research on adolescent ecigarette use is rapidly accumulating, specific research on the association between SES
and youth e-cigarette use will be useful to better understand risk factors for initiation and
continuation of e-cigarette use, dual or poly-tobacco product use in this population.

CHAPTER III
METHODOLOGY
Study Design and Hypotheses
This study will employ a quantitative research design to explore the association
between socioeconomic status (SES) and adolescent e-cigarette use. SES is used in health
research to measure the extent to which income is related to health outcomes; however, it
cannot infer a causal relationship (Oakes and Rossi, 2003). This study will address the
following aim and research questions:
Study Aim:
Examine whether SES is associated with the use of e-cigarettes in 12-17 year old
adolescents in the United States.
Research Questions:
1) What is the unadjusted and adjusted association between SES and e-cigarette use
among adolescents?
2) Is the relationship between SES and e-cigarette use mediated by exposure to ecigarette advertising and exposure to tobacco product use via parents?
Study Population
The study population includes a national sample of 12-17 year old adolescents in
the United States who participated in the Population Assessment of Tobacco and Health
(PATH) Study. Respondents who were less than 12 years old in Wave 1 and adults who
did not complete a parent questionnaire were excluded. The inclusion criteria ensured
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that we followed a cohort of respondents who completed the youth-parent questionnaires
in Waves 1-3. Both tobacco users and nonusers are included in this study.
Data Source: PATH Data
Overview
Archival data from the Population Assessment of Tobacco and Health (PATH)
Study will be used in the analysis. The PATH Study is a national, longitudinal cohort
survey to assess tobacco use and how it affects the health of youth and adults in the
United States. The PATH Study which began in 2011 includes surveys of children and
youth 9-17 year olds as well as adults. The sample includes both tobacco users and nonusers. It is a joint effort of the National Institutes of Health and the Food and Drug
Administration. Time Periods for the PATH Study are: Wave 1 (2013 – 2014), Wave 2
(2014 – 2015), and Wave 3 (2015 -- 2016). Data collection occurred during the
following timeframes: Wave 1(September 2013- December 2014), Wave 2 (October
2014- October 2015) and Wave 3 (October 2015-October 2016). This quantitative study
will analyze publicly available data from questionnaires completed by 12-17 year old
adolescents and their parents.
The PATH Study uses a four-staged stratified area probability sampling design of
more than 150,000 mailing addresses in which youth and adults from sampled
households were selected. The mailing addresses were used to create a national sample of
tobacco users and nonusers who were not incarcerated. This resulted in 45,971
participants who completed questionnaires at baseline (Wave 1). These participants were
asked to complete an interview at each follow-up (Waves 2 and 3). The baseline sample
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included 32, 320 adults and 13,651 youth. The PATH Study research design included
monetary incentives paid to both youth and adults for their participation in the study. A
$2 incentive was mailed to all addresses sampled at Wave 1 prior to screening. Adults
were paid $35 for participating in all three waves. Youth received $25 for taking part in
the Youth Interview and their parents received $10 for each Parent Interview. More
detailed information about the PATH Study is available online in the Restricted-Use Files
User Guide (US DHHS, 2018).
The data collection process for the PATH Study involved conducting in-person
household surveys from those addresses identified in the four stage stratified sample
design. The household surveys of youth and parents were conducted using an audio
computer-assisted self interview (ACASI) or a computer- assisted personal interview
(CAPI). The PATH Study Restricted-Use User Guide details the weighting procedures
used in Waves 1-3. The user guide also explains the variables that can be used in
analyzing the data.
Sample Selection
Adolescents age 12-17 and their parents who completed questionnaires as part of
the PATH Study, Waves 1-3 are the sample selected for this study. While the PATH
study included youth from age 9 through adulthood, the eligibility criteria for our study
was age12-17 to examine SES and e-cigarette use among adolescents. Data from the
parent questionnaires (education and income) are being used as a proxy for SES.
Demographic data collected from the questionnaires include age, sex, race/ethnicity.
Participants were included if they were aged 12 to 17 at Wave 1, and completed follow-

28

up surveys at both Waves 2 and 3 (as continued youth or aged-up adult). Participants
were excluded if they were missing information on parental education at Wave 1,
household income at Waves 2 and 3, and e-cigarette use at all waves.
The original sample size included the following numbers of youth and adults who
completed questionnaires at baseline (Wave 1) and two follow-up interviews (Waves 2
and 3).
Table 1. Study Sample Sizes Per PATH Wave 1-3
WAVES

YOUTH
INTERVIEWED

1

13,651

PARENT OF
YOUTH
INTERVIEWED
13,588

2

12,172

12,129

3

11,814

11,807

Instrumentation
The PATH Study uses Youth/Parent Interview Questionnaires to collect data from
youth as well as their parents. While each questionnaire is separate, both instruments
have been combined into a single document and file. Data from the PATH Study was
collected via audio computer-assisted self interview (ACASI) and computer- assisted
personal interview (CAPI). The questionnaire collected information on tobacco use
behaviors, attitudes and beliefs and tobacco related health outcomes. The last section of
the questionnaire has demographic and health history questions. The questionnaire and
codebook indicates which variables were only asked of emancipated youth. Consent
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forms were also used for parents to give permission for their child/children to participate
in the PATH Study.
Variables in PATH Study
For each wave of the PATH Study, adults and youth were asked about different
types of tobacco products including cigarettes, e-cigarettes/electronic nicotine products,
cigars, pipe tobacco, hookah, smokeless tobacco (snus and smokeless tobacco products),
and dissolvable tobacco, Questions about bidis and kreteks (cigarettes made with
tobacco, cloves and other flavors) are only asked of youth. Each section on tobacco
products includes categories that assess 1) ever use, 2) recency of use, 3) frequency of
use, 4) amount of use, 5) brands used, 6) purchase details, 7) use of flavored products, 8)
harm and addictiveness and 9) reasons for use. Other topics that are included in at least
one wave are: poly use, nicotine dependence, packaging and health warnings, risk and
harm perceptions, secondhand smoke exposure, marketing and advertising, media use,
demographics, health, psychosocial and mental health, substance use, cessation, peer and
family influences.
Variables of Interest for this Study
The primary independent variable or predictor in this study is SES. SES is measured in
the PATH dataset by parent education and household income. Low SES and High SES
terms used in the hypotheses are defined based on the U.S. federal poverty level (FPL)
guidelines. This study assumes 1or 2 parent households based on survey responses.
Income guidelines were applied in this study to assess low SES (< 100% FPL) and high
SES ≥ 200% FPL) based on family size of four. Total household income over the past 12
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months was reported by the parent interviewer. In this study, household income will be
categorized as follows: High ($50,000 or higher), Middle ($25,000 to $49,999), and Low
($24,999 or less). PATH reports household income at waves 2 and 3. The first income
class reported, either at wave two or three, is used for the analyses. The main SES
Predictor in our study is income.

Table 2. 2018 Federal Poverty Guidelines for the 48 Contiguous States and the District of
Columbia
Household/ 100%

138%

150%`

200%

250%

300%

400%

Family
Size
1

$12,140

16,753

18,210

24,280

30,350

36,420

48,560

2

$16, 460

22,715

24,690

32,920

41,150

49,380

65,840

3

$20,780

28,676

31,170

41,560

51,950

62,340

83,120

4

$25,100

34,638

37,650

50,200

62,750

75,300

100,400

5

$29,420

40,600

44,130

58,840

73,550

88,260

117,680

6

$33,740

50,610

50,610

67,480

84,350

101,220

134,960

7

$38,060

52,523

57,090

76,120

95,150

114,180

152,240

8

$42,380

58,484

63,570

84,760

105,950

127,140

169,520

Federal Poverty Guidelines Table retrieved from Families USA
The primary outcome of this study is E-Cigarette Use. Participants were
considered to have ever used an e-cigarette if they reported current or prior e-cigarette
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use at any wave during their interviews. For a participant to be considered never using an
e-cigarette, they had to report not using an e-cigarette at each wave.
A secondary outcome (for research question #2) is initiation of e-cigarette use.
Using the PATH derived variable of e-cigarette initiation, those considered as “yes”
moved from a never e-cigarette user at Wave 1 to an ever or current e-cigarette user at
Waves 2 or 3.
Other covariates of interest to this study include parental education, race,
Hispanic Ethnicity, grade level, ever used alcohol, marijuana, abused prescription drugs
and prior other tobacco use which includes cigarettes and other tobacco products.
Parental education was categorized as less than high school, GED or high school
graduate, some college or an Associate’s degree, Bachelor’s degree, or an Advanced
degree. When both parental and spouse education levels were reported, the higher of the
two was used. Parental education was reported at all 3 waves.
Race was classified as White alone, Black alone, or Other race alone. Hispanic
ethnicity was binary. Age category was 12 – 14 years or 15 – 17 years at Wave 1 as
provided in the PATH public use data files. Grade level was labeled as 6 th grade or
below, 7th grade, 8th grade, 9th grade, 10th, grade, 11th grade, or other. The “Other”
category included participants who were not enrolled in the current or past year, were
home schooled, school was not graded, were in 12th grade, or college or vocational
school.
Participants were considered to have ever used marijuana if they responded yes to
“ever used marijuana, hash, THC, or grass” or reported use in the past 12 months or past
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30 days. Participants were considered to have ever abused prescription drugs if they
responded yes to “have you ever used any of the following prescription drugs (Ritalin,
Adderall, painkillers, sedatives, or tranquilizers) that were not prescribed for you or that
you took only for the experience of the feeling they caused? Participants were considered
to be ever alcohol users if they responded yes to “Have you ever used alcohol at all,
including sips of someone’s drink or your own drink?” Prior tobacco use was
categorized as prior tobacco cigarette use, prior other tobacco use, or never tobacco user.
Census regions were recorded as Northeast, Midwest, South, or West, as provided in the
PATH public use data files.
The two mediating variables assessed to examine their relationship with SES and
e-cigarette initiation were parental tobacco use and advertising exposure. Parental
tobacco use was considered “yes” if the parent respondent answered “yes” to the
following questions: “smoked a cigarette, cigar, or pipe even on or two puffs in the past
30 days”, “used smokeless tobacco even one or two times in the past 30 days”, or “used
e-cigarettes, hookah, or dissolvable tobacco even one or two times in the past 30 days”.
Exposure to e-cigarette advertisements was measured in two ways in the PATH study. At
Wave 1, participants were shown 5 e-cigarette advertisements (2 television, 3 nontelevision) and asked if they had seen them in the past 12 months. At Waves 2 and 3,
participants were asked if they had seen ads for e-cigarettes at 7 different types of
locations over the past 30 days, (e.g. convenience stores, billboards, magazines, social
media sites, radio, television, festivals). For total ad exposure over the 3 waves, a score of
19 was generated by summing the 5 ads from Wave 1 and the 7 categories at Waves 2
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and 3 (14 total). The question asking about convenience stores, small markets, or liquor
stores asked how often the participant had seen the ads at that location, with response
options of never, rarely, sometimes, or often. Never was considered “no” and the other 3
responses were considered “yes”. The other locations had yes/no responses for the past
30 days.
SES Measures in PATH Study
The Youth Interview and Parent Interview Questionnaires contain specific
variables to assess SES. The parent surveys contained the following SES related
variables in the Parent Questionnaire: 1) Parents highest grade or year of school
completed; 2) Total household income in the past 12 months; and 3) Rent or own home.

Table 3. SES Variables in Parent Questionnaire
VARIABLE(S)
RO2_PM0001

PARENT QUESTIONS
What is the highest grade or year of school you have
completed?
1= Less than High School
2= Some High School, No Diploma
3= GED
4= High School Graduate
5= Some College But No Degree
6= Associate Degree-Occupational/Vocational
7= Associate Degree-Academic Program
8= Bachelor’s Degree (EX: BA,AB,BS)
9= Master’s Degree (EX: MA, MS, MENG, MED,
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MSW)
10= Doctorate Degree (EX: PHD, EDD)
-8 = Don’t Know
-7 = Refused
RO2_PM0118

What is the highest grade or year of school that
[Spouse/Guardian’s First name] has completed?
1= Less than High School
2= Some High School, No Diploma
3= GED
4= High School Graduate
5= Some College But No Degree
6= Associate Degree-Occupational/Vocational
7= Associate Degree-Academic Program
8= Bachelor’s Degree (EX: BA,AB,BS)
9= Master’s Degree (EX: MA, MS, MENG, MED,
MSW)
10= Doctorate Degree (EX: PHD, EDD)
-8 = Don’t Know
-7 = Refused

RO2_PM0130

Which of the following categories best describes your
total household income in the past 12 months?
1= Less than $10,000
2= $10,000 to $14,999
3= $15,000 to $24,999
4= $25,000 to $34,999
5= $35,000 to $49,999
6= $50,000 to $74,999
7=$75,000 to $99,999
8= $100,000 to $149,999
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9= $150,000 to $199,999
10= $200,000 or more
-8 = Don’t Know
-7 = Refused
RO2_PM0031

Is your household income during the past 12 months
above or below $50,000?
1= Above $50,000
2= Below $50,000
-8 = Don’t Know
-7 = Refused

RO2_PM0118

Do you own or rent your home?
1=Owned
2= Rent
3= Other
-8 = Don’t Know
-7 = Refused

The Youth Questionnaire asked similar questions depending upon whether or not the
youth respondent was emancipated. Youth questions asked about total household income
and if their home is rented or owned. Youth were also questioned about their personal
income. For example, did they work for pay outside of the home in the past 30 days?
Another question asked how much money the youth received from a job, family,
allowance or other sources in an average week. The author’s research study relied on data
from the parent survey to answer the question about total household income and did not
include other SES related variables from the youth questionnaire in the analysis.
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Table 4. SES Variables in Youth Questionnaire
VARIABLE(S)
R02_YM0032

YOUTH QUESTIONS
In the past 30 days, did you work for pay
for anyone outside your home? This
includes both regular jobs and things like
baby-sitting or yard work.
1 Yes
2 No
-8 Don’t Know
-7 Refused

R02_YM0030

Which of the following categories best
describes your total household income in
the past 12 months?
1= Less than $10,000
2= $10,000 to $14,999
3= $15,000 to $24,999
4= $25,000 to $34,999
5= $35,000 to $49,999
6= $50,000 to $74,999
7=$75,000 to $99,999
8= $100,000 to $149,999
9= $150,000 to $199,999
10= $200,000 or more
-8 = Don’t Know
-7 = Refused

R02_YM0031

Is your household income during the past
12 months above or below $50,000?
1= Above $50,000
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2= Below $50,000
-8 Don’t Know
-7 Refused
R02_YL0040

Do you own or rent your home?
1=Owned
2= Rent
3= Other
-8 Don’t Know
-7 Refused

RO2_YM0008

During an average week, how much money
do you receive in total? Please include
money from a job, your family, an
allowance, or any other sources.
1= None
2= Less than $1
3= $1 to $5
4= $6 to $10
5= $11 to $20
6= $21 to $50
7= $51 to $100
8= $101 to $150
9= $151 or more
-8 Don’t Know
-7 Refused

Data Analysis
This study conducted a secondary data analysis on the Waves 1-3 data of the Population
Assessment of Tobacco and Health (PATH) Study to examine the association between
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SES and e-cigarette use among adolescents. Standard approaches to data analysis were
used to: 1) describe the sample population which includes demographics such as age, sex,
and race – typically constructed in a Table 1 and 2) compare differences among two or
more groups (e.g. e-cigarette use among low, middle and high SES adolescents). Methods
used to explore the PATH Youth/Parent dataset for this study included a review of
questions asked in each survey and descriptive statistics using Chi-square tests to
compare categorical variables (e.g. sex, race) and t tests to compare continuous data. .
Logistic regression is used when an outcome or independent variable is binary (Tolles
and Meurer, 2016). This study used logistic regression analysis to assess the association
between a dichotomous or binary outcome variable and one or more independent
variables controlling for population differences such as age and sex. In this study, binary
outcomes are defined as 1=yes, the conditions were met; 0=no, the conditions were not
met.
The analysis for each research question is described below:
Research Questions:
1) What is the unadjusted and adjusted association between SES and e-cigarette use
among adolescents?
As the primary question of interest (association between SES and e-cigarette use),
we grouped participants by ever e-cigarette use at all 3 waves. We also compared
participant characteristics by ever e-cigarette use (at any of the waves) versus
never e-cigarette use (at all waves). Sampling weights over all 3 waves were used,
per the PATH Study Statistical Manual. All participant characteristics compared
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by overall e-cigarette status were measured at Wave 1, except for household
income.
We estimated the univariate association of participant characteristics at Wave 1
with ever e-cigarette use at all 3 waves using logistic regression, accounting for
survey sampling characteristics. Goodness-of-fit statistics were calculated. The
adjusted association between household income and ever e-cigarette use was
estimated in a final parsimonious model.
2) Is the relationship between SES and e-cigarette use mediated by exposure to e-

cigarette advertising and exposure to tobacco product use via parents?
Mediating variables are often used in psychological theory and research. A
mediating variable conveys the effect of an independent variable on a dependent
variable (MacKinnon, Fairchild and Fritz, 2007). In this study, the mediating role
of parental tobacco use and e-cigarette advertising exposure on income and ecigarette initiation was tested in a Mediation Model where SES (income) is the
independent variable and e-cigarette initiation is the dependent variable. See
Figure 2.
To estimate the mediated effect of parental tobacco use on the relationship
between household income and e-cigarette initiation, we used the product of
coefficients method (MacKinnon et al., 2007). The association between household
income and e-cigarette use, household income and parental tobacco use, parental
tobacco use and e-cigarette use were estimated using logistic regression adjusted
for gender, race, age category, and ethnicity. The total mediated effect was
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estimated by multiplying the coefficients for the X→ M and M→ Y, and tested
for significance by dividing the product by the product standard error against a
standard normal distribution. The product standard error was estimated using the
multivariate delta method (Bishop et al., 1975). The process was repeated to
analyze the role of e-cigarette advertisement exposure as a mediator.

Figure 2.Mediation Model

The data were analyzed using Stata version 14.1 (College Station, TX).
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Protection of Human Subjects
All data used in this research study comes from publicly available data files from
the PATH Study. The PATH Study is a partnership between the National Institute on
Drug Abuse and the Food and Drug Administration’s Center for Tobacco Products. All
respondent information in the survey is unidentified. PATH Study data files available for
public use can be found on the National Addiction & HIV Data Archive Program
(NAHDAP) website. The National Institute on Drug Abuse administers the NAHDAP.
The PATH Study was conducted by Westat and was approved by Westat’s Institutional
Review Board.
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CHAPTER IV
ARTICLE MANUSCRIPT
Abstract

Introduction: Low SES is associated with tobacco use among adolescents in the United
States. Few studies have looked at the associations between SES and initiation of ecigarette use by adolescents. This study aims to clarify the associations among SES,
initiation of e-cigarette use and potential mediating factors in a national sample of
adolescents.
Methods: Adolescents aged 12-17 years (n= 7,480) who participated in the Population
Assessment of Tobacco and Health (PATH) study at Waves 1-3 (2013-2016) were
compared (youth ever users of e-cigarettes versus youth never users of e-cigarettes).
Logistic regression models were ran to evaluate univariate and multivariable model
associations with ever e-cigarette use. Our primary research question sought to quantify
the association between SES (household income) and ever e-cigarette use. Our secondary
research question sought to estimate the mediating effects of parental tobacco use and
advertisement exposure on the relationship between income and e-cigarette initiation.
Results: Older adolescents ages 14-16 had higher odds of ever e-cigarette use compared
to 13 year olds. Adolescents whose parents held a bachelor’s degree had lower odds of ecigarette use, over those whose parents had less than a high school education.
Adolescents whose parents were tobacco users had higher odds of ever e-cigarette use
than those whose parent were not tobacco users. High SES is associated with higher odds
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of e-cigarette initiation than middle income. Parental tobacco use and advertising
exposure have a mediating effect on the association between SES and initiation of ecigarette use among adolescents. Moreover, adolescents who reported prior tobacco use
and ever use of other substances such as alcohol, marijuana, prescription drugs were
more likely to initiate e-cigarettes than those who did not have prior tobacco use or used
other substances.
Conclusions: Findings suggest that e-cigarette interventions and media campaigns
targeting high income adolescents would be beneficial and impede the rapidly increasing
e-cigarette rates among youth. Stronger federal and state regulations restricting
advertising and marketing of e-cigarette products to adolescents help support prevent
efforts.
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Introduction
Tobacco use continues to be the leading cause of preventable disease, disability,
and death in the United States (Singh et al., 2016). Each day, more than 3,800 youth
under the age of 18 illegally smoke their first cigarette and approximately 80% of adult
smokers initiated smoking by age 18 (CDC, 2018; US DHHS, 2012). The National Youth
Tobacco Survey 2011-2018 indicated that 4.04 million high school students and 840,000
middle school students in the U.S. reported current use of a tobacco product (MMWR,
2019). During this same period, there were significant increases in adolescent use of both
e-cigarettes and overall tobacco.
Youth susceptibility to traditional cigarettes is generally measured using the
Pierce susceptibility scale (Pierce et al, 1995). A few studies have modified this scale to
measure susceptibility of adolescents to e-cigarette and other tobacco use. One study
assessed susceptibility to use of multiple tobacco products in a national sample of youth
and young adults in the U.S., finding youth susceptibility to tobacco use was increased
with age (from 36% at age 12 compared to 70% susceptibility at age 17) and decreased
with parental education (Trinidad et al., 2017). Trinidad et al. (2017) found that
susceptibility levels were similar for cigarettes and e-cigarettes. Also Black and Hispanic
youth who never used tobacco were more likely to be susceptible to using a tobacco
product in the future compared to Whites. Bold et al., (2018) determined that e-cigarette
susceptibility among youth predicted future initiation of e-cigarettes. The study found
that susceptible youth were more likely to be male, older adolescents, and already using
alcohol, marijuana or other tobacco products.

45

The Surgeon General’s report on e-cigarettes notes that adolescent e-cigarette use
has harmful effects on brain development and leads to other addictions (US DHHS,
2016). Adolescents who use e-cigarettes are more likely to start smoking traditional
cigarettes (Wills et al., 2017; Primack et al., 2015; Leventhal et al., 2015; BarringtonTrimis et al., 2016; Barrington-Trimis et al., 2018), and marijuana, particularly among
young adolescents (Dai et al., 2018) .
The association between SES and e-cigarette use is not as well understood when
compared to cigarette use. Several studies show that low SES is associated with a higher
prevalence of cigarette smoking (Henkel & Zemlin, 2016; Linetzky et al., 2012; Wellman
et al., 2018). In a study of Canadian adolescents who were followed from 5 th to 7th grade,
researchers found that youth from low SES neighborhoods whose mothers did not have a
college education had three times the risk of taking up smoking compared to adolescents
from high SES neighborhoods (Wellman et al., 2018). A study of 6 th grade students in
New Mexico found that tobacco use and second-hand smoke exposure are strongly
associated with adolescents living in low SES, non-intact households that have parents
who smoke (Bird et al., 2007). A systematic review examined factors influencing
smoking initiation among Asian adolescents 10-19 years old and found that adolescents
who were more likely to start smoking were, on average, male, older adolescents, of low
parental SES, low parental monitoring, low parental education level and having no
discussion about smoking at home, those living in temporary or public housing and those
displaying a health risk behavior such as drinking alcohol (Talip, Murang, Kifli, &
Naing, 2016).
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In the few studies on SES and e-cigarette use, the results have been inconsistent (Berry et
al., 2018; Simon et al, 2018). For example, one study found an association between low
SES and 30 day e-cigarette use among adolescents (Simon et al., 2017) and while another
did not identify any association between SES and past 30 day e-cigarette use (BarringtonTrimis et al., 2015). These studies suggested that more research is needed to understand
the association between SES and adolescent e-cigarette use.
In this study, we analyzed data from the Population Assessment of Tobacco and
Health (PATH) study, Waves 1-3 conducted from 2013-2016 to evaluate the association
between SES and adolescent e-cigarette use. There were two aims: to evaluate the
association between SES and adolescent e-cigarette use, and examine the potential
mediating effects of parental tobacco use and advertising exposure on income and ecigarette initiation. In this study, SES is examined through the use of two separate
variables: household income and parental education. This approach was used to offer new
insights using both variables as some other studies used only parental education, Family
Affluence Scale (FAS) or Subjective Social Status as the SES indicator.
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Methods
Data
Archival data from the Population Assessment of Tobacco and Health (PATH)
Study is the data source used in this study. The PATH Study is a national, longitudinal
cohort survey to assess tobacco use and how it affects the health of youth and adults in
the United States. The PATH Study which began in 2011 includes surveys of children
and youth 9-17 year olds as well as adults. The sample includes both tobacco users and
non-users. It is a joint effort of the National Institutes of Health and the Food and Drug
Administration (US DHHS, 2018). Time Periods for the PATH Study are: Wave 1 (20132014), Wave 2 (2014-2015), and Wave 3 (2015-2016). Data collection occurred during
the following timeframes: Wave 1 (September 2013-December 2014), Wave 2 (October
2014-October 2015) and Wave 3 (October 2015-October 2016).
The data collection process for the PATH Study involved conducting in-person
household surveys from those addresses identified in the four stage stratified sample
design. The household surveys of youth and parents were conducted using an audio
computer-assisted self interview (ACASI) or a computer- assisted personal interview
(CAPI). The PATH Study Restricted-Use User Guide details the weighting procedures
used in Waves 1-3. The user guide also explains the variables that can be used in
analyzing the data.
The PATH Study uses a four-staged stratified area probability sampling design of
more than 150,000 mailing addresses in which youth and adults from sampled
households were selected. The mailing addresses were used to create a national sample of
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tobacco users and nonusers who were not incarcerated. This resulted in 45,971
participants who completed questionnaires at baseline (Wave 1). These participants were
asked to complete an interview at each follow-up (Waves 2 and 3). The baseline sample
included 32, 320 adults and 13,651 youth. More detailed information about the PATH
Study is available online in the Restricted-Use Files User Guide (US DHHS, 2018).
All data used in this research study comes from publicly available data files from the
PATH Study. All respondent information in the survey is deidentified, and was therefore
exempt from review by the Medical University of South Carolina’s Institutional Review
Board. PATH Study public data files can be found on the National Addiction & HIV
Data Archive Program (NAHDAP) website, administered by the National Institute on
Drug Abuse. The PATH Study was conducted by Westat and was approved by Westat’s
Institutional Review Board.

Study Population
Adolescents aged 12-17 years and their parents who completed questionnaires as
part of the PATH Study in waves 1-3 were eligible for this study. Demographic data
collected from the questionnaires include age, sex, race, and ethnicity. Participants were
included if they were aged 12 to 17 at Wave 1, and completed follow-up surveys at both
Waves 2 and 3 (as continued youth or aged-up adult). Participants were excluded if they
were missing information on parental education at Wave 1, household income at Waves 2
and 3, and e-cigarette use at all waves.
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Measures
Main SES Predictor: Household Income
Total household income over the past 12 months was reported by the parent
interviewer and categorized as high ($50,000 or higher), middle ($25,000 to $49,999),
and low ($24,999 or less). Household income was reported at waves 2 and 3. The first
income class reported, either at wave two or three, was selected as the income SES for
these analyses.
Outcome: E-Cigarette Use
Participants were considered to have ever used an e-cigarette if they reported
current or prior e-cigarette use at any wave during their interviews. For a participant to be
considered never using an e-cigarette, they had to report not using an e-cigarette at each
wave. For the mediation analysis, the outcome was initiation of e-cigarette use. Using the
PATH derived variable of e-cigarette initiation, those considered as “yes” moved from a
never e-cigarette user at Wave 1 to an ever or current e-cigarette user at Waves 2 or 3.
See figure 4.
Parental education was categorized as less than high school, GED or high school
graduate, some college or an Associate’s degree, Bachelor’s degree, or an Advanced
degree. When both parental and spouse education levels were reported, the higher of the
two was used. Parental education was reported at all 3 waves. Race was classified as
White alone, Black alone, or Other race alone. Hispanic ethnicity was binary. Age
category was 12 – 14 years or 15 – 17 years at Wave 1 as provided in the PATH public
use data files.

50

Grade level was labeled as 6th grade or below, 7th grade, 8th grade, 9th grade, 10th,
grade, 11th grade, or other. The “Other” category included participants who were not
enrolled in the current or past year, were home schooled, school was not graded, were in
12th grade, or college or vocational school.
Participants were considered to have ever used marijuana if they responded yes to
“ever used marijuana, hash, THC, or grass” or reported use in the past 12 months or past
30 days. Participants were considered to have ever abused prescription drugs if they
responded yes to “have you ever used any of the following prescription drugs (Ritalin,
Adderall, painkillers, sedatives, or tranquilizers) that were not prescribed for you or that
you took only for the experience of the feeling they caused?” Participants were
considered to be ever alcohol users if they responded yes to “Have you ever used alcohol
at all, including sips of someone’s drink or your own drink?” Prior tobacco use was
categorized as prior tobacco cigarette use, prior other tobacco use, or never tobacco user.
Census regions were recorded as Northeast, Midwest, South, or West, as provided in the
PATH public use data files.
Mediator: Parental Tobacco Use
Parental tobacco use was considered “yes” if the parent respondent answered
“yes” to the following questions: “smoked a cigarette, cigar, or pipe even on or two puffs
in the past 30 days”, “used smokeless tobacco even one or two times in the past 30 days”,
or “used e-cigarettes, hookah, or dissolvable tobacco even one or two times in the past 30
days”.
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Mediator: E-Cigarette Advertisement Exposure
Exposure to e-cigarette advertisements was measured in two ways in the PATH
study. At Wave 1, participants were shown 5 e-cigarette advertisements (2 -television, 3non-television) and asked if they had seen them in the past 12 months. At Waves 2 and 3,
participants were asked if they had seen ads for e-cigarettes at 7 different types of
locations over the past 30 days, (e.g. convenience stores, billboards, magazines, social
media sites, radio, television, festivals). For total ad exposure over the 3 waves, a
possible total score of up to 19 was generated by summing the affirmative answers to the
5 ads from Wave 1 and the 7 categories at Waves 2 and 3 (14 total). The question asking
about convenience stores, small markets, or liquor stores asked how often the participant
had seen the ads at that location, with response options of never, rarely, sometimes, or
often. Never was considered “no” and the other 3 responses were considered “yes”. The
other locations had yes/no responses for the past 30 days.
Statistical Analysis
As the primary question of interest (association between SES and e-cigarette use),
we grouped participants by ever e-cigarette use at all 3 waves. We also compared
participant characteristics by ever e-cigarette use (at any of the waves) versus never ecigarette use (at all waves). Sampling weights over all 3 waves were used, per the PATH
Study Statistical Manual. All participant characteristics compared by overall e-cigarette
status were measured at Wave 1, except for household income.
We estimated the univariate association of participant characteristics at Wave 1
with ever e-cigarette use at all 3 waves using logistic regression, accounting for survey
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sampling characteristics. Goodness-of-fit statistics were calculated. The adjusted
association between household income and ever e-cigarette use was estimated in a final
parsimonious model.
To estimate the mediating effect of parental tobacco use on the relationship
between household income and e-cigarette initiation, we used the product of coefficients
method (MacKinnon et al., 2007). The association between household income and ecigarette use, household income and parental tobacco use, parental tobacco use and ecigarette use were estimated using logistic regression adjusted for gender, race, age
category, and ethnicity. The total mediated effect was estimated by multiplying the
coefficients for the X→ M and M→ Y, and was tested for significance by dividing the
product by the product standard error against a standard normal distribution. The product
standard error was estimated using the multivariate delta method (Bishop et al., 1975).
The process was repeated to analyze the role of e-cigarette advertisement exposure as a
mediator.
The data were analyzed using Stata version 14.1 (College Station, TX).

Results
A total of 13,651 youth completed Wave 1 baseline surveys. Of this group, 1,655
youth at Wave 2 and 950 youth at Wave 3 were excluded as they did not complete
follow-up surveys. In addition, 3,566 youth were excluded due to missing predictors or
outcome data. The final analysis included 7,480 youth who completed surveys at all three
waves (see Figure 3).
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Descriptive characteristics of the study population are shown in a Table 5. In the
total sample, 30% of youth were ever e-cigarette users (N=2,231). Higher percentages of
e-cigarette users were male (52%), ages 15-17 (55%), and white (70.5%). 49% of ever ecigarette users were from high income households and 56% of e-cigarette users had
parent a GED or high school diploma. Ever e-cigarette users also had higher rates of
substance use compared to never e-cigarette users. This was significantly higher for
adolescents who ever used alcohol (61% ever versus 27% never users) or marijuana 16%
compared with 1.6% among never e-cigarette users. Twice as many e-cigarette users had
also ever abused prescription drugs (14%) compared to never e-cigarette users (6.7%).
There were also major differences in the use of tobacco among the two groups. 30% of
ever e-cigarette users had also smoked cigarettes compared with 3% of never e-cigarette
users. Lastly, 90% of ever e-cigarette users were also prior other tobacco users (i.e.
cigars, pipe tobacco, hookah, smokeless).
In the bivariate analysis (Table 6), youth age 15-17 at Wave 1 had higher odds of
using e-cigarettes than younger participants aged 12-14 years (OR 0.42, 95% CI:
0.37-0.48, p<0.0001). Older age was associated with ever e-cigarette use, not adjusted for
any other factors). Females had 5% lower odds of ever using e-cigarettes compared to
males (OR 0.95, 95% CI: 0.86-1.04, p=0.27), however this did not reach statistical
significance. Adolescents of Hispanic Ethnicity had 1.15 times the odds of using ecigarettes compared with adolescents who were not Hispanic (OR 1.15, 95% CI:
1.00-1.31 p=0.045).
The adjusted model serves to answer the first research question that examines the
association between SES and ever e-cigarette use. The covariates included in the model

54

are grade level, race, income category, parental education, parent is a tobacco user, ever
used alcohol, marijuana, ever abused prescription drugs and prior tobacco use.
In the final model, Blacks were 31% less likely than whites to ever use an ecigarette (OR 0.69, 95% CI: 0.55-0.86, p=0.002). Adolescents whose parents have a
Bachelor’s degree have 33% lower odds of e-cigarette use when compared with those
whose parents have less than a high school education (OR 0.67, 95% CI: 0.49-0.90
p=0.01). Adolescents whose parents are tobacco users have 1.78 times the odds of
initiating e-cigarette use (OR1.78, 95% CI: 1.48-2.15, p<0.0001) compared with
adolescents whose parents are not tobacco users. No differences were found for income
(SES) and ever using an e-cigarette.
Other variables in the model that were significantly associated with adolescent
ever e-cigarette use were ever used alcohol (OR 2.61, 95% CI: 2.19-3.12, p=<0.0001),
Ever used marijuana (OR 2.78, 95% CI: 1.93-4.00, p=<0.0001), Ever used prescription
drugs (OR 1.33, 95% CI: 1.01-1.74, p=0.04) and prior tobacco use compared to never use
for cigarettes (OR: 3.86, 95% CI: 2.68-5.55, p=<0.0001) and other tobacco products (OR
11.06, 95% CI: 8.90-13.75, p=<0.0001). The model did not include age, gender, Hispanic
Ethnicity and region. There was no appreciable change in the estimate after adjusting for
some demographic factors and behaviors.
Mediation Analysis is represented in Figure 4 and Table 7.
In this study, the mediating role of parental tobacco use and e-cigarette
advertising exposure on income and e-cigarette initiation was tested in a Mediation
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Model where SES (income) is the independent variable and e-cigarette initiation is the
dependent variable. See Table 7. The Odd Ratios for parental tobacco use were somewhat
different (High income 1.86 versus Low income 0.40) suggesting that this variable has an
effect on adolescent e-cigarette initiation. To a lesser degree, this is also seen with the
advertising exposure variable (High income 1.22 versus Low income 0.83). The Odds
Ratio for income was adjusted for female, race, Hispanic, grade level and age. High
income was associated with higher odds of e-cigarette initiation than middle income;
however low income was not associated with higher odds of e-cigarette initiation than
middle income.
Discussion
In adjusted regression analysis, Blacks had lower odds of e-cigarette use
compared to Whites. While this sample was small (n=254) this result is supported in the
literature. Also, Blacks have traditionally had lower smoking rates than white. In 2018,

the National Youth Tobacco Survey reported that e-cigarettes were the most commonly
used tobacco product among all racial/ethnic groups except black high school students

(MMWR, 2019). The most commonly reported tobacco product used by Blacks was
cigars.
Similar associations between other tobacco products and substance use with ecigarette use found in this study can also be found in the literature. E-cigarette use is
associated with the use of other tobacco products, alcohol and marijuana (US DHHS,
2016). Another study also found that adolescents (in California) who had ever used ecigarettes at baseline were more likely to begin using combustible tobacco products
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(cigarettes, cigars and hookah) over the next year than nonusers (Leventhal et al., 2015).
E-cigarettes were also found to be linked to marijuana use particularly with younger
adolescents, ages 12-14 (Dai et al., 2018). The current study adds to these findings by
examining the association with SES in a somewhat different way; however similar
findings were seen regardless of method for measuring SES.
Similar to this study, the literature also confirms that parental tobacco use is
associated with youth tobacco use (Bird et al., 2007) and advertising exposure (Simon et
al., 2018). Our findings also suggest that parental tobacco use and advertising exposure
mediates the effect of SES on adolescent e-cigarette initiation. Another interesting
finding from this study that is supported by the literature is that for adolescents, Low SES
is associated with greater exposure to cigarette advertising but High SES is more closely
associated with e-cigarette advertising exposure.
A limitation of this study is that data on e-cigarette, cigarette, alcohol, marijuana
and other tobacco products is self-reported. It is possible that recall and reporting biases
may have occurred among adolescent respondents. A similar concern was also raised in
Dai et al., 2018 study. A second limitation is that data on household income was not
available in Wave 1. This question was only asked in Waves 2 and 3. We also based SES
on parent education and household income which is an acceptable research practice;
however, we did combine them in the analyses to form one construct for SES. There is
research that investigated the association between personal income and cigarette smoking
among adolescents and determined that personal income is related to smoking behaviors
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independent of family SES (Perelman et al, 2017). However, we did not examine youth
personal income and its potential impact on e-cigarette use.
Conclusion
SES as a predictor of e-cigarette initiation among adolescents consistently
indicates higher use among higher SES individuals, regardless of how we are defining
SES. In our study, both parental tobacco use and ad exposure are mediators of the
relationship between SES and e-cigarette initiation. This acknowledgement leads us to
believe that there is an association between SES and e-cigarette usage. Results from this
study contribute additional knowledge to the limited literature on the association between
SES and adolescent e-cigarette use. Implications of these findings suggest that
interventions aimed at reducing ad exposure among High SES adolescents should be
considered in addition to reducing youth access to e-cigarettes and other tobacco
products.
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Figures and Tables

Figure 3. Flow chart for youth selected in final study

PATH Wave 1 (baseline) youth
survey
13,651 participants completed
survey
Exclude 1,655 participants not
followed-up at Wave 2
11,996 followed-up at PATH
Wave 2 Survey
10,081 continuing youth
1,915 aged-up adults
Exclude 950 participants not
followed-up at Wave 3
11,046 followed-up at PATH
Wave 3 Survey
9,332 continuing youth
1,714 aged-up adults

Exclude 3,566 participants*
with missing information
23 missing parent education
2,072 missing household
income
202 missing Hispanic ethnicity
24 missing grade level
527 missing other tobacco use
12 missing ever cigarette use
826 missing e-cigarette use at
least one wave

7,480 Analysis Population

*Exclusion subcategories may not add to total because
participants may be missing multiple variables
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Figure 4. Flowchart of cohort selection for analysis of association between SES and ecigarette usage

Analysis Population
7,480 participants with complete
surveys at Waves 1, 2, and 3

Wave 1 e-cigarette
ever user?

Yes

Exclude 708
participants

No
Wave 2 e-cigarette
ever user?

Yes

No
Wave 3 e-cigarette
ever user?

No
Never e-cigarette
user
6,423

Yes

Wave 1 ->
Wave 2 new
e-cigarette
users
685
Wave 2 ->
Wave 3 new
e-cigarette
user
490

Never-to-ever ecigarette users
1,175
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Table 5. Population Characteristics

Age
12 – 14 years
15 – 17 years
Gender
Male
Female
Grade Level
6th grade or below
7th grade
8th grade
9th grade
10th grade
11th grade
Other
Race
White alone
Black alone
Other
Hispanic Ethnicity
Yes
No
Income Category
High (≥$50,000)
Middle ($25,000 to $49,999)
Low (≤$24,999)
Parental Education
Less than High School
GED or High School Graduate
Some college or Associates degree
Bachelors degree
Advanced degree
Region
Northeast
Midwest
South

Ever E-Cigarette Users
(at any wave)
n= 2,231
%

Never E-Cigarette Users
(at all waves)
n=5,249
%

1028
1203

45.2
54.8

3380
1869

64.2
35.8

1162
1065

51.9
48.1

2686
2557

51.6
48.4

73
236
354
515
577
372
104

3.1
10.5
15.7
22.9
26.3
17.1
4.5

355
1046
1113
1092
949
534
160

6.9
20.0
21.1
20.4
18.3
10.3
3.0

1499
254
357

70.5
11.8
13.4

3392
827
778

67.6
15.2
13.6

688
1543

24.3
75.7

1403
3846

20.2
79.8

941
540
616

48.8
24.7
26.5

2505
1162
1186

56.4
22.1
21.5

449
1257
342
170
0

17.8
56.1
17.4
8.6
0

969
2544
1093
615
0

15.7
47.6
22.9
13.8
0

321
546
780

16.7
23.5
36.5

756
1147
2000

16.8
21.5
38.1
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West
Parent is a tobacco user
Ever used alcohol
Ever used marijuana
Ever abused prescription drugs
Prior Tobacco Cigarette Use
Prior Other Tobacco Use
Never Tobacco User

584

23.3

1346

23.6

69
1335
287
316
676
605
27

3.1
60.7
15.9
13.9
30.4
89.6
3.2

82
1355
93
345
157
124
31

1.5
26.9
1.6
6.7
2.9
70.3
11.9

Wave 1 characteristics grouping together those who ever used an e-cigarette at any wave, versus those who
were never users at wave 1 and remained never users. All variables reported in first column were measured
at wave 1 except for income, which was measured at wave 2.
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Table 6. Unadjusted and Adjusted Associations for SES and Ever E-Cigarette Use

Univariate Association With

Final Parsimonious Model

E-Cigarette Use (unadjusted)

(adjusted)

OR (95% CI)

p-value

12 – 14 years

0.42 (0.37, 0.48)

<0.0001

15 – 17 years

ref

OR (95% CI)

p-value

Age

Gender
Male

ref

Female

0.95 (0.86, 1.04)

0.27

0.83 (0.60, 1.16)

0.27

Grade Level
6th grade or below

0.90 (0.62, 1.29)

0.55

th

Ref

th

8 grade

1.49 (1.26, 1.77)

<0.0001

1.37 (1.11, 1.71)

0.004

9th grade

7 grade

Ref

2.36 (1.97, 2.82)

<0.0001

1.61 (1.28, 2.02)

<0.0001

th

3.15 (2.59, 3.83)

<0.0001

1.57 (1.24, 1.99)

<0.0001

th

11 grade

3.67 (2.82, 4.76)

<0.0001

1.56 (0.98, 2.49)

0.06

Other

2.90 (1.99, 4.21)

<0.0001

1.12 (0.61, 2.05)

0.72

10 grade

Race
White alone

ref

ref

Black alone

0.71 (0.60, 0.84)

<0.0001

0.69 (0.55, 0.86)

0.002

Other

0.90 (0.77, 1.04)

0.16

0.92 (0.74, 1.14)

0.44

Yes

1.15 (1.00, 1.31)

0.045

No

ref
0.91 (0.75, 1.11)

0.36

Hispanic Ethnicity

Income Category
High (≥$50,000)

0.77 (0.67, 0.89)

Middle ($25,000 to $49,999)

Ref

Low (≤$24,999)

1.04 (0.90, 1.21)

<0.0001

Ref
0.57

1.11 (0.91, 1.35)

0.32

Parental Education
Less than High School

ref

GED or High School Graduate

1.15 (0.99, 1.33)

Some college or Associates
degree

0.75 (0.62, 0.91)

ref
0.08
0.004

1.17 (0.95, 1.44)

0.13

0.92 (0.68, 1.25)

0.59
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Bachelors degree

0.59 (0.49, 0.72)

<0.0001

0.67 (0.49, 0.90)

0.01

Advanced degree

1.00 (0.06, 17.8)

1.000

0.74 (0.09, 5.79)

0.77

Region
Northeast

ref

Midwest

1.10 (0.96, 1.26)

0.15

South

0.94 (0.80, 1.09)

0.40

West

0.95 (0.80, 1.11)

0.50

Parent is a tobacco user

2.70 (2.34, 3.11)

<0.0001

1.78 (1.48, 2.15)

<0.0001

Ever used alcohol

4.67 (4.10, 5.32)

<0.0001

2.61 (2.19, 3.12)

<0.0001

Ever used marijuana

14.73 (11.55, 18.79)

<0.0001

2.78 (1.93, 4.00)

<0.0001

Ever abused prescription drugs

2.33 (2.00, 2.71)

<0.0001

1.33 (1.01, 1.74)

0.04

Tobacco Cigarette

8.70 (6.74, 11.24)

<0.0001

3.86 (2.68, 5.55)

<0.0001

Other Tobacco

20.3 (17.3, 23.95)

<0.0001

11.06 (8.90, 13.75)

<0.0001

Never user

ref

Prior Tobacco Use

ref
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Table 7. Mediation Analysis

X→Y*
OR (95% CI)

Mediator
(M)

Parental
Tobacco

High income
versus middle
income

1.22 (1.01,
1.47)

Low Income
versus middle
income

0.84(0.66,
1.04)

High income
versus middle
income

1.22 (1.01,
1.47)

Low Income
versus middle
income

0.83 (0.66,
1.04)

X→M*
(a)
OR (95% CI)

M→Y*
(b)
OR (95% CI)

1.86 (1.52,
2.27)

2.07 (1.74,
2.47)

X→Y adj for M
OR (95% CI)

1.10 (0.90,
1.33)

Use

Ad
Exposure

0.40 (.33, .49)

0.56
(0.22,1.45)

0.69 (0.27,
1.79)

0.93 (0.75,
1.17)

1.08 (1.05,
1.11)

1.20 (.92,1.58)

0.74 (0.56,.097)

ad exposure = sum of wave 1 2 and 3 ad exposure; maximum score of 19
*adjusted for female, race, Hispanic, grade level, age
X= SES (income)
Y= e-cigarette initiation
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